The Sea of Marmara, a relatively small basin located between the Black Sea and the Aegean Sea with narrow seaways of the Bosphorus and the Dardanelles, has vital importance in coastal and ocean engineering activities due to substantial industrial development surrounding it and related sea traffic. Despite this importance, measurements concerning coastal engineering applications, in particular the wave climate, are quite scarce. Lack of essential data impairs the reliability of engineering works such as breakwaters and coastal protection structure designs. For a period of approximately one year between February 2013 and January 2014 Turkish Petroleum International Company (TPIC) carried out wave and wind measurements in the Sea of Marmara. The data were collected in 30-minute intervals throughout the one year span at the location of 41o04' N and 28o19' E with 50 m water depth. The present work analyses this rather unique data statistically for wind, wave height and energy conditions in the Sea of Marmara.
Introduction
The Sea of Marmara, a small virtually (Gazioğlu et al., 2002 , Alpar et al., 2003 .
Thorough knowledge about potential sea states in a certain area is indispensable for all activities related to the maritime sector. Sea state analyses are available from in-situ measurement data, numerical modelling, and various forecast models derived on empirical or mathematical models giving relations between wind and waves (Katalinic, et al., 2015) . The sea states (generated by the wind) are mainly strong-minded by the wind speed and, in specific, the incline of the wind velocity which induces a force. Thus, understanding the temporal and spatial variations of the wind force regulated through different angles of incidence upon the sea surface is a fundamental issue. Another issue is the characteristic spectrum over which the wind force is converted into wave motion (Blackledge et al., 2013 19' E with 50 m water depth. The location of the buoy, as shown in Fig. 1 , is at the northern boundary of the Sea of Marmara nearly 3.3 km south of the shoreline. The wave conditions in this DOI: 10.30897/ijegeo. particular location are obviously determined by southerly winds which blow across meaningful fetch lengths. The northerly winds do not generate any appreciable waves since the fetch is virtually zero: the wind blows from the land near the location of the buoy out into the sea. Therefore, the data is sifted carefully and only the waves recorded for southerly winds are considered in the analyses.
Study area and wave data
TPIC carried out wave measurements in the Sea of Marmara at location 41o04' N and 28o19' E, where the water depth is 50 m. This particular location is quite close to the northern shores as can be seen from Fig. 1 . The data was collected for nearly one year period between February 2013 and January 2014 with 30 minute-time intervals. Records yield the spectrally based significant wave height Hm0, maximum wave height Hmax, mean wave direction, peak period Tp, mean wave period based on the first moment T01, wave period based on the second moment T02, wind speed, wind direction. In this study, Hm0, mean wave direction, wind speed, wind direction, and T02 is employed. The definitions of the above quantities are given in terms of the moments of the energy density spectrum :
Longuet-Higgins (1952) first showed that narrow-band ocean waves possess a Rayleigh distribution, from which it can be derived that 4 , where corresponds to the zeroth moment in equation (1). The spectral wave periods are given by
According to equation (2) the mean wave period based on the first moment is given by
likewise, the mean wave period based on the second moment is / .
The wave energy flux per crest-width per wavelength in deep water is calculated as , where P is energy flux per crest-width or power per crest-width in Watt/m, (m-1/m0) energy mean wave period, ρ is the density of sea water, g is the acceleration of gravity. Due to the lack of measurement in the dataset this period is taken as T 02 .
Wind, Wave Climate and Wave Energy Potential of Marmara Sea
The wind roses for the frequency of wind direction and for average and maximum wind speeds as obtained from the data of TPIC for the entire measurement period of nearly one year are depicted with 300 intervals in Fig. 2a and 2b . From the wind rose for wind direction frequency it is seen that the winds predominantly blow from the N-E band with a probability of 56%. On the other hand, the maximum wind speeds show quite a diverse distribution, reaching 15 m/s in directions N, S, NNE, WNW. In particular the north and south directions both have nearly the same observed maximum wind speeds.
Considering the location of the measurement buoy and the associated fetch lengths shown in Fig. 3 it is obvious that the meaningful wave heights must be measured only for winds blowing from the sector covering approximately the range between SE and SW directions a b To support this argument the wave roses for the frequency of occurrence direction and mean and maximum wave heights per direction are given in Fig. 4a and 4b . Clearly, the highest measured waves come from the SSE-S-SSW band, where the strong winds blow from (Fig.2b ) over relatively long fetches (Fig. 3) . From all available data 90% of the measured wave heights are equal or less than 0.55 m while only 1% of the wave data is higher than 1 m. 68% of the times waves approach from the SE band; but the highest waves come from the S-SSW directions. The observation that measured maximum wave heights are associated with the S-SSW directions is in accord with the earlier presupposition due to the location of the buoy. a b Fig. 4 Wave rose (a) for the frequency of wave direction occurrence (b) for the mean (blue) and maximum (red) wave height per direction.
Graphs representing the wave power potential are given in Fig. 5a and 5b. Obviously, these graphs are mimicking the corresponding graphs in Fig. 4a and 4b . Therefore, as expected, the most energetic waves come from the S and SSW directions. This relatively low value agrees with the relatively calm wave climate of the Sea of Marmara, which being an enclosed basin has quite low wave energy potential in comparison to open oceans. Further, it is calculated that only 1% of the time, or approximately 3.6 days in a year, the average levels of energy flux exceeds 2.40 kW/m.
The complete time series of the significant wave height and mean wave period are further analyzed to estimate their joint probability density function. In Fig 6, the joint distribution of , is shown as computed for the sectors SSW-S which are deemed to contain the meaningful measurements. That is to say, the wave heights and periods measured for southerly winds as the measurement buoy is located very near the north coastal boundary.
In the figure the frequency of occurrence is scaled by 1:10000. The solid lines represent constant wave steepness, / 2 ⁄ (wavelength computed for deep water) for 1/20 (blue) and 1/40 (red). Battjes (1972) indicated that limiting wave steepness range from 1/16 to 1/20 in random waves. In this study, it is observed that virtually all the waves fall below wave steepness of 1/20. The most frequent wave has 0.25 m and 4 s. The highest waves occur for 2 m and 5 s and for a total duration of 13 hours per year. 
Long Term Distributions
Long-term distributions of wave heights, wind speed and wave energy are of vital importance to properly analysis long-term evolution of coastal processes and to design stability of structures. Long-term analysis has two main purposes: to arrange and to extrapolate the data set to extreme values of occurring at low probabilities of exceedance (Kamphuis, 2010) . In this study, Log-normal, Weibull (with both 2 and 3 parameters) and Gamma probability distribution functions (pdf) are employed and compared with each other. Among others, Weibull pdf with 3 parameters is found to be the best-fitted pdf as a linear correlation. Therefore, only the Weibull pdfs are presented here. The correlations of the Weibull pdfs for different α values for wind speed, H , and wave energy flux are given in Figs. 7, 8 and 9,  respectively. In the graphs, W ln / where Q is the probability of exceedance and α is the calibration parameter which provides the possible best linear relationship and is determine by trial-and-error. For Weibull pdf H γ β ln / in which Q 1 λT ⁄ .
Herein, λ is the number of events per year, T the return period, and H the wave height for a return period of T . Since the collected data is for one year long the pdfs should be viewed with caution. IJEGEO 5(1): 76-83 (2018) Normally, the linear correlations given in Figures 7-9 should be in the form y= ax so that y=0 when x=0. However; this necessary condition is sacrificed to obtain better fits for more meaningful parts of the graphs; namely, the higher wave energy regions with higher W values.
Conclusions
The data measured by TPIC in the Sea of Marmara for nearly one year duration has been analyzed. First, it is observed that dominant winds come from predominantly N-E band with a probability of 56%. However, due to the location of the measurement buoy the southerly winds generate the waves meaningful for the analyses.
After sifting the data for southerly winds it is calculated that 90% of the measured wave heights are equal to or less than 0.55 m while only 1% is higher than 1m. For 68% of the time waves approach from the SE band and the maximum wind speed and wave height are observed to come from the southern direction.
The average energy flux per crest-width is approximately 0.28 kW/m for the one year long data and in close agreement with a previous estimate 0.27 kW/m.
The joint probability distributions , are drawn for the sectors SSW-S which are deemed to contain the meaningful measurements. The most frequent wave is found to be 0.25 m and 4 s. The highest waves occur for 2 m and 5 s and for a total duration of 13 hours per year.
Finally, wind speed, wave height and wave energy flux parameters are all seen to correlate well with Weibull pdf. 
